Introduction: Acute coronary syndrome is one of the most frequent medical emergencies in developing countries.
The acute coronary syndrome is one of the most frequent medical emergencies in developing countries and one of the most prevalent manifestations of cardiovascular disease (1) . In Colombia, according to the vital statistics 2007-2008 issued by the Departamento Administraivo Nacional de Estadística (DANE) (2) , the rate of mortality from ischemic heart disease during this time period among 45-year old and older adults was 263.7/100,000. Life expectancy in the Colombian population is projected to increase from 67.8 years during [1985] [1986] [1987] [1988] [1989] [1990] period to 73.9 years in 2010-2015. Thus, during this time the population older than 45 will triple leading to an increase in the incidence and prevalence of atherosclerotic cardiac disease and, by consequence, an increase in the cost of health care. According to statistics published by DANE, and based on the international disease classification CIE-10, ischemic cardiac disease was the leading cause of death in persons 55 and older, surpassing cancer and violence. The high morbidity and mortality of this illness pose an important challenge given its impact on health status, quality of life, and on social, labour and economic indicators.
The acute coronary syndrome has high social costs due to the treatment and the loss of productivity among those who experience an event. Multiple studies have been conducted to determine the most cost-effective treatment and its optimal duration, and have found that individuals who receive standard treatment with aspirin after an acute coronary event remain at high risk of experiencing coronary events in the short and long term (3) (4) (5) (6) . Therefore, medications such as clopidogrel have been developed that, when added to conventional treatment with aspirin, improve the patient's quality of life and reduce the risk of new cardiovascular events (7, 8) . Recently, new medications have been introduced for dual therapy use, such as ticagrelor (9) , which has demonstrated increased effectiveness as compared with aspirin plus clopidogrel, but with high costs.
The high effectiveness but high cost of ticagrelor poses a dilemma regarding which alternative should be implemented in the Colombian health system to achieve the highest benefits to health while taking into account the budgetary restrictions in the country. Therefore, the objective of this article was to evaluate, from the perspective of the Colombian health system, the cost-effectiveness of aspirin plus ticagrelor treatment compared to aspirin plus clopidogrel for patients with acute coronary syndrome in Colombia. This study was performed during the development of the Colombian guideline for patients with acute coronary syndrome (1), and it was an input that the guideline development group took into consideration when they were generating recommendations about optimal medical treatment for patients with acute coronary syndrome.
Materials and methods
We developed a cost-effectiveness analysis from the perspective of the Colombian health system (i.e., only direct medical costs and health benefits perceived by patients were considered). The population consisted of 18-year old or older patients with acute coronary syndrome, with or without ST segment elevation (9) .
The alternatives evaluated were:
1. Aspirin plus clopidogrel, which is the strategy contemplated in the current protocol of the Colombian health system, with an initial dose of clopidogrel of 300 mg, and then 75 mg per day for a year.
Aspirin plus ticagrelor (new treatment)
, with an initial dose of ticagrelor of 180 mg, and then 90 mg twice a day for a year.
From here on, clopidogrel or ticagrelor treatment should be understood to mean dual antiplatelet therapy. We included these alternatives because they were those evaluated by the guideline development group to be incorporated in the clinical guideline for adults with acute coronary syndrome (1) . Another antiplatelet available (prasugrel) is not considered in the analysis given the absence of head-to-head trial data (and even credible indirect evidence) comparing ticagrelor to prasugrel at the time this analysis was performed.
The natural history of the disease goes through different stages including acute events such as myocardial infarction, stroke, and death, as well as non-fatal health outcomes (1). We considered, therefore, that a Markov model could be useful to represent the natural history of the acute coronary syndrome and estimate the expected cost and effectiveness of both interventions. During the first year, four possible outcomes were considered: myocardial infarction, stroke, no event, and death. Patients who experienced a myocardial infarction or stroke could die or progress to the postmyocardial infarction or post-stroke stage. These two last stages enabled us to capture the costs and outcomes of the patients who experienced a non-fatal event during the first year of follow-up or in one of the following years.
The model is depicted in figure 1 . In the base case analysis, patients who experience either a myocardial infarction or stroke progress to postmyocardial infarction, post-stroke, or death. However, it is possible that a patient who experiences a myocardial infarction or stroke during the first year will experience a new event in following years. Therefore, to take this possibility into account, we performed a sensitivity analysis in which the structure of the model was modified to include the probability of experiencing new coronary events in the long term.
The "no event" stage captured the patients who did not experience a new event. The simulation was set up such that the patients that remained in this stage were at risk of experiencing new events. Taking published models into account and the fact that relevant clinical trials had a <1-year follow up, we assumed that no differences existed between the risks of any of these events after the first year. This meant that the effect of the long-term strategies was fundamentally determined by the effects the strategies had on the outcomes in the first year.
To estimate the effectiveness of ticagrelor, a systematic review was conducted by searching Medline (PubMed) (see search strategy in table 1). The search did not yield any systematic reviews, and only one clinical trial was found that compared ticagrelor to clopidogrel for treatment of acute coronary syndrome patients (9) . This article was considered of high quality according to the guideline development group (1) . From that study we estimated the probabilities of the different events in the model during the first year. The probability of death (adjusted for age) was based on vital statistics from DANE. The risk of new coronary events in the long term was estimated using the information from Colombian patients included in the Access registry.
The main outcome of this analysis was the qualityadjusted life-year (QALY). Utility weights for each outcome were derived from the PLATO HECON study (10) (the data used correspond to the general average of all countries; although Colombian patients participated in this study, no disaggregated data by country were available) (table 2). Given that death is not the only event of interest and quality of life after non-fatal events is a critical outcome, the QALY is an appropriate outcome for the analysis as it allows combining the effect of the interventions on both the length and quality of life.
To estimate the cost of each health outcome we identified the resources with the highest expected impact on total costs and therefore the highest probability of influencing the decision, such as hospitalization in the intensive care unit, the type of stent (drug-eluting or bare metal stent) for the percutaneous coronary intervention, cardiac rehabilitation programs, and medications, among others. Resource use was quantified by constructing a standard case based on the review of clinical practice guidelines and hospital protocols from a Colombian teaching hospital in Medellín. These results were discussed with various internal medicine and cardiology experts, and through informal consensus the frequency for each item was estimated. Details of the resources included, unit of measurement and frequency can be found in the clinical practice guideline (1).
The unit cost of medication (table 3) was obtained from the Colombian system of information of medication prices (SISMED) (11). The unit cost corresponds to the weighted price (according to number of units sold) for the different presentations in the Colombian market, including generic as well as brand name version of the medications. To estimate unit cost of medical and surgical procedures, a survey was administered to various Colombian health insurance companies to identify the fees manuals most used to hire providers. From this consultation, we determined that the different manuals could be equated to the values reported in the 2001 fees manual of the former Instituto de Seguro Social (ISS) plus 30%, with a minimum percentage of 25% and a maximum of 48%. Finally, for medical supplies, information provided by a level 3 hospital in the city of Medellín was used. All prices are given in 2010 Colombian pesos, as they represent the opportunity costs of the interventions at the time of the study.
In the baseline case, a time horizon of 10 years was assumed, although results from years 1 and 5 are also presented. A discounted rate of 3% was used for costs and effectiveness alike according to the recommendations from the Colombian methodology guide (12) . A long-term time horizon is appropriate considering that health outcomes and costs do not occur only during the first year and it is important to include the effect of long-term outcomes in the estimation of expected costs and effects of the interventions evaluated.
The estimation of mean costs and QALYs for each alternative can lead to four possible scenarios (13): a) The intervention (ticagrelor) costs more than the control (clopidogrel) and produces less QALYs. In this case, we say that the intervention is 'dominated' by the control. b) Conversely, the intervention costs less than the control and produces more QALYs, that is, the intervention 'dominates' the control.
c) The intervention costs more and generates more QALYs than the control, and d) The intervention costs less and generates fewer QALYs than the control. If neither the intervention nor comparator treatments are dominated (scenarios A and B), the incremental cost effectiveness ratio (ICER) can be calculated as the ratio of differential mean cost to differential mean QALYs, that is, Comparing the incremental costs and effectiveness of an intervention generates an estimated cost per QALY. Assuming that we have a decision maker with legitimacy and an exogenously defined budget constraint, then the decision maker can compare the cost-effectiveness of the intervention with the threshold cost per QALY (14) . In Colombia, such threshold has not been explicitly defined, and the aim of this evaluation is not to develop an estimate of willingness to pay for health results. However, to interpret the results of this study, we resorted to the recommendation by the World Health Organization that an intervention can be considered cost-effective if the incremental costeffectiveness ratio is less than three times the percapita gross domestic product, which corresponded to COP$ 36,143,349 in 2010.
Both probabilistic and deterministic sensibility analyses were conducted to determine the impact of uncertainty on the results. With regard to the price of clopidogrel, a deterministic sensitivity analysis was conducted using the maximum reimbursement price stipulated by the Colombian government (Resolution 4316 from 2011). We also performed a sensitivity analysis for the discount rate (0% and 5%).
For the probabilistic analysis, the cost for each of the outcomes was represented by a triangular distribution, which is a continuous distribution function used in situations where not very much information is available regarding the distribution of variables. Specifically, it is necessary to define three values: the minimum expected value, the mode, and the maximum expected value. To estimate each of these values, we considered the different percentages for contracting health services mentioned above (table 4) .
Following standard practice, we used a beta distribution to represent transition probabilities and utility weights. This distribution generates values between 0 and 1 and, therefore, it is adequate to represent probabilities and utility weights (particularly in this case, where we did not have health states that generate negative utility weights).
Results of probabilistic sensitivity analysis are shown as cost-effectiveness acceptability curves (CEAC). The CEAC is derived from the joint density of incremental costs and incremental effects and shows the probability that any strategy is cost effective given the data, i.e., it has the highest net benefit, for different values of the threshold. All calculations were conducted using TreeAge Pro 2009 ® software.
As we did not make any kind of intervention or modification in the biological, physiological or social variables of the individuals under analysis, this research was considered a project with no risk according to Resolution 8430 of the Ministerio de Salud (15) , and, therefore, no informed consent or approval by an ethics committee on human research was required.
Results
In the base case and with a time horizon of 10 years, using ticagrelor involved an additional cost of COP$ 2,033,825 and an increase of 0.072 QALYs, thus generating an ICER of COP$ 28,411,503, which means that the treatment with ticagrelor would be a cost-effective strategy for the Colombian health system. The results are sensitive to changes in the time horizon and in the unit cost of clopidogrel (table 5) .
With regards to the time horizon, the cost per QALY gained was COP$ 244,567,477 considering only the cost and effectiveness of the first year. This value decreased to COP$ 20,756,184 per QALY gained when the time horizon was 20 years. Regarding the price of clopidogrel, the cost per QALY gained decreased to COP$ 11,321,457 when we used the maximum regulated price of clopidogrel and assumed a time horizon of 10 years.
Results of probabilistic sensitivity analysis are shown in figure 2 where it is clear that ticagrelor is generally associated with higher costs, but the 
difference in effectiveness is subject to a greater uncertainty. However, for a threshold equivalent to three times the Colombian per-capita gross domestic product, the probability of ticagrelor being a cost-effective strategy was close to 75% and approached 1 as the threshold neared 80 million ( figure 3) .
The conclusions were similar in the model that considered the probability of new cardiovascular events in the long term (table 6). 
Discussion
The results of this economic analysis suggest that ticagrelor is a cost-effective strategy in Colombia and that it could be included in the health benefits plan of the country's health system. This conclusion is consistent across different scenarios and sensitivity analyses, although two variables may modify the results: The time horizon, and the annual cost of treatment with clopidogrel considered as appropriate by the decision-maker.
With regard to the time horizon, short-term results can underestimate the actual costs and benefits of the alternatives and can therefore lead to wrong decisions. Keeping this in mind, this study adopted a time horizon that was large enough to capture the effects of the technologies and long-term costs that can be more relevant to decision-makers.
This analysis tried to incorporate the best available evidence regarding the effectiveness of ticagrelor for the treatment of the acute coronary syndrome. The results from the most important clinical trial comparing both medications were considered, as were results from Colombian studies. Using a Markov model, we estimated the expected longterm impact of the interventions with the aim of including all the costs and consequences implied by the interventions that may be relevant to decisionmaking. The results of this cost-effectiveness analysis are applicable to Colombia, but could be useful to other countries if the costs and utility weights are adjusted according to the clinical practice in a particular setting.
Our conclusions coincide with those of several economic evaluations comparing ticagrelor and clopidogrel for acute coronary syndrome treatment (10, (16) (17) (18) . The studies suggest that, although ticagrelor was associated with higher costs, the reductions in mortality and morbidity result in its ICER falling below conventional threshold values, including those recommended by the World Health Organization. Moreover, some studies suggest that ticagrelor could be a dominant alternative over clopidogrel, as it offers more benefits to patients at a lower cost (19, 20) .
Our study has several limitations. First, the effectiveness data, in particular the transition probabilities, were taken from information available in published articles; however, Colombian patients were included in the studies and we can expect similar results for the Colombian population. Considering that the difference in effectiveness between the two alternatives is subject to considerable uncertainty, studies on ticagrelor performance in Colombian patients would be valuable to reduce such uncertainty.
Second, the utility weights for each health outcome were based on the UK valuation of the EQ-5D, but we do not feel this is inappropriate considering that we do not have valuations in Colombia for any instrument to measure health-related quality of life.
To acknowledge this uncertainty, the utility weights were represented by probability distributions.
In conclusion, the results of this study suggest that ticagrelor is a cost-effective strategy for the treatment of patients with acute coronary syndrome in Colombia. Data on its performance in Colombian patients would be very valuable to reduce uncertainty and thus provide more accurate information to decisionmakers. 
